© Versita Sp. z o.o. Room temperature 1-butyl-3-methylimidazolium tetraflouroborate ([BMIM][BF 4 ]) ionic liquid was employed for dispersion of multi walled carbon nanotubes (MWCNTs) and the formation of nanocomposite on the surface of a carbon-ceramic electrode. The surface of the modified electrode was characterized using scanning electron microscopy and electrochemical impedance spectroscopy. The modified electrode exhibited excellent electrochemical activity to oxidation of dopamine (DA); whereas electro oxidation of ascorbic acid (AA) was not seen and electro oxidation of uric acid (UA) appeared at a more positive potential than DA. The multi walled carbon nanotubeionic liquid nanocomposite modified carbon-ceramic electrode was used for the selective determination of DA in the presence of high levels of AA and UA using differential pulse voltammetry. The calibration curve for DA was linear in the range of 3.00 to 130 µM with the detection limit (S/N=3) of 0.87 µM. The present electrode was successfully applied to the determination of DA in some commercial pharmaceutical samples and human blood serum.
Introduction
Nanomaterials have many advantages such as a large ratio of surface area to volume and high activity, so they can be one of the most promising materials [1] . Carbon nanotubes can be considered to be hollow graphitic nanomaterials including one (single-walled carbon nanotubes, SWNT) or multiple (multi-walled carbon nanotubes, MWNT) layers of graphene sheets. The lengths of the nanotubes are limited from several hundred nanometers to several micrometers and their diameters can range from 0.2 to 2 nm for SWNT and from 2 to 100 nm for coaxial MWNT [2] . Since carbon nanotubes (CNT) have mechanical, electronic, and chemical properties, they are the subjects of numerous investigations in chemical, physical and materials areas [2, 3] . As a result of their atomic structure, they behave not only as metals but also as semiconductors. Because of the dimensions of carbon nanotubes, the electronic structure, and the topologic defects present on the tube surface of CNT electrodes in comparison with other forms, the carbon electrodes have better performance [4] . CNT electrodes are able to raise the rate of electron transfer when used as the electrode material in electrochemical reactions, which is one of the subtle electronic properties of carbon nanotubes [5] .
In recent years, room temperature ionic liquids (RTILs) have been used as a new type of green solvent for the fabrication of new kinds of composite film, as they have many particular properties such as high chemical stability, excellent ionic conductivity and wide electrochemical windows [6] , they have exhibited potential applications in the field of electrochemical biosensors and attracted more attention in the field of electroanalytical chemistry as a solvent and also as electrode modifiers [7] . Dopamine (DA) is an important neurotransmitter that belongs to the catecholamine group and has a very important role in the central nervous, renal, hormonal
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Carbon nanotube-ionic liquid nanocomposite modified carbon-ceramic electrode for determination of dopamine in real samples and cardiovascular systems [8] . Neurotransmitters (NTs) are chemical messengers that transmit a message from one neuron to the next. This transmission proceeds by secretion of the NTs from one neuron, which then bind to the specific receptor that is placed on the membrane of the target cell. One of the important ways that neurons communicate is the interaction between the NT and the receptor. Consequently, some neurological disorders such as schizophrenia and Parkinson's disease can be due to the abnormality of the dopaminergic system in the central nervous system (CNS) [5] The group of Fukushima [38] was the first to report that carbon nanotubes (CNTs) could form gels with excellent electrocatalytic properties with the use of room-temperature ionic liquids. They claimed that single wall carbon nanotube-ionic liquid (IL) gels were easily constructed based on the high viscosity of the IL and the "cation-π" interactions of RTILs and CNTs. The, use of CNTs and ILs as a nanocomposite with the benefit from excellent properties of each of them has been explored by other authors for determination of DA [39, 40] .
Sol-gel technology, the three step process of construction of materials involves the low temperature hydrolysis of a monomeric precursor of organometalic alkoxide, its condensation followed by polycondensation to yield a polymeric oxo-bridged network. Low preparation temperatures and inorganic supports offer some advantages to this process over other methods, among which are chemical inertness, physical strength, and good surface renewability. Additional advantages come from the fact that sol-gel derived materials are porous and thus mass transport is relatively easy through pores [41] . Carbon-ceramic composite electrodes (CCEs) are comprised of a dispersion of carbon powder that is held together by sol-gel derived ceramic binder [42] ; however, bare carbon-ceramic electrodes have some drawbacks such as low detection sensitivity and poor resolution to specific analytes, therefore their modification is needed. Bulk modification of carbon-ceramic electrodes is an effective route which has been utilized by numerous authors [43] [44] [45] [46] [47] [48] .
In the present work, a carbon-ceramic electrode modified with carbon nanotube-ionic liquid (CNT-IL) nanocomposite was used for selective determination of DA in the presence of high levels of ascorbic acid (AA). This modified electrode was successfully used for the determination of DA in some commercial pharmaceutical samples and human blood serum.
Experimental procedure

Apparatus
Electrochemical experiments were performed using AUTOLAB PGSTAT 30 electrochemical analysis system and GPES 4.9 software package (Eco Chemie, The Netherlands). Electrochemical impedance spectroscopy experiments were performed using EG&G model parstat 263 potantiostat/galvanostat controlled by a PC in KCl using a three electrode cell. The utilized threeelectrode system was composed of a modified carbonceramic electrode with 3 mm diameter as the working electrode, a saturated calomel electrode (SCE) as the reference electrode and a platinum wire as the auxiliary electrode. All experiments were performed at room temperature, without removing the dissolved oxygen. An electrochemical glass vessel was employed throughout the experiments.
Reagents
Methyltrimethoxy Silane (MTMOS) and graphite powder were purchased from Merck and used without any further purification. Dopamine, ascorbic acid, uric acid and other reagents were of analytical grade from Merck. A room temperature ionic liquid, 1-butyl-3-methylimidazolium tetraflouroborate ([BMIM][BF 4 ]), was obtained from Aldrich. Multi walled carbon nanotubes with wall number of 3-15 and length of 1-10 µm were purchased from Aldrich. Dopamine hydrochloride was purchased from a hospital drug store and was of USP quality. The human blood serum was obtained from Drug Applied Research Center, Tabriz University of Medical Sciences-Iran. The pH of solutions was adjusted to 7.0 with phosphate buffer. Distilled, deionized and sterilized water was used in all solution preparations.
Preparation of modified carbon-ceramic electrode
The two-step modification of the carbon-ceramic electrode: first the silica sol solution was prepared by mixing 0.6 mL of MTMOS, 0.9 mL methanol and 0.1 mL hydrochloric acid (0.1 M) and stirred for 5 min to afford a homogeneous gel solution. This ormosil was mixed well with 300 mg graphite powder for 5 min. The mixture was added to a Teflon tube (with 3 mm id and 3 cm length, and the length of composite in the tube was about 8 mm) and dried for 48 h at room temperature [12] . The surface of all electrodes was removed by mechanical polishing with 800, 2000, 2500, 3000 grit polishing papers, respectively. The electrodes were rinsed thoroughly with water to yield shiny surfaces. Copper wire contacted to the other end, provided the electrical contact. The scanning electron microscopy (SEM) experiment was made on a Hitachi Japan S4160 SEM. MWCNT-IL composite was prepared by mixing 8 mg purified MWCNT, 0.6 mL IL and 4.4 mL ethanol. Then they were stirred for 30 minutes to obtain a black homogeneous suspension. After that 10 µl of fresh prepared suspension was dropped on the polished surface of carbon-ceramic electrode and allowed to dry at room temperature for 12 hours (Scheme 1).
Analysis of dopamine injection and human blood serum
An accurate injection sample volume equivalent to about 5 mg of DA was transferred to a 50 mL flask and adjusted to volume with doubly distilled water. A 0.12 mL portion of the solution was subjected for DPV measurements as described in section 3.5. A 1.0 mL human blood serum sample was deproteinized by adding 2.0 mL of acetonitrile. After centrifugation at 12000 rpm for 20 min, the supernatant was transferred into another centrifuge tube and dried with an N 2 stream. The residue was dissolved in 1.0 mL of water. Dopamine was spiked in human blood serum and determined by DPV method using modified electrode.
Results and discussion
Surface morphology of modified electrode
Scanning electron microscopy was used to characterize the top views of the modified electrodes and bare electrode as shown in Fig Based on these observations, there were plenty of tubes dispersed on the surface of carbon-ceramic electrode, indicating that MWCNTs were successfully immobilized on the surface of carbon-ceramic electrode in the case of the MWCNT-IL/ carbon-ceramic electrodes, but with good individualization of nanotubes and that the carbon nanotubes were distributed homogeneously on the surface of electrode. These observations revealed that the MWCNTs-IL nanocomposite satisfactory immobilized on the surface of carbon-ceramic electrode and we could conclude that the room temperature ionic liquid plays an important role in the modification process.
Characteristics of the modified electrodes by electrochemical impedance spectroscopy (EIS)
Electrochemical impedance spectroscopy can provide information about the impedance changes of the electrode surface by using 10 mM [Fe(CN) 6 ] 3−/4− redox couples as the electrochemical probe during the modification process. The Nyquist plots of modified and bare electrodes are shown in Fig. 2 . The terms R s , CPE 1 , R ct and W 1 in the inset of Fig. 2 refer to solution resistance, double layer capacity, charge transfer resistance and specific electrochemical element of diffusion or Warburg element, respectively. On the bare carbon-ceramic electrode, the charge transfer resistance (R ct ), which was derived from the semicircle domains of impedance spectra, can be estimated to be 2480.3 Ω (curve a). On the MWCNTs / carbon-ceramic electrode (MWCNTs was dispersed in absolute ethanol), this value decreased to 477.8 Ω (curve b) which was attributed to high conductivity of carbon nanotubes on the surface of electrode. After coating of MWCNTs-IL nanocomposite on the surface of carbon-ceramic electrode, the R ct value was dramatically decreased to 108.4 Ω (curve c), attributed to the excellent conductivity of the ionic liquid. The results indicate that MWCNTs-IL nanocomposite was successfully immobilized on the surface of electrode.
Cyclic voltammetry
Dopamine, one of the catecholamines, was selected for the assessing the ability of MWCNT-IL nanocomposite modified carbon-ceramic electrode for catalytic purposes. The cyclic voltammograms of bare and modified carbon-ceramic electrode were recorded between -0.2 and 0.75 V using the scan rate of 50 mV s -1 in phosphate buffer pH 7. As seen in Fig. 3  (curve a) on the bare carbon-ceramic electrode two broad anodic and cathodic peaks appear with peak potential separation of 0.2 V by low peak current height; whereas a well-defined, sharp redox pair with obviously increased current response was obtained for dopamine on the MWCNTs / carbon-ceramic electrode (MWCNTs was dispersed in absolute ethanol) with peak potential separation of 0.11 V (curve b). This effect is attributed to the catalytic ability of carbon nanotubes. While on the MWCNT-IL nanocomposite modified carbon-ceramic electrode the peak currents increased palpably more than MWCNTs/ carbon ceramic electrode and the peak potential separation was 0.08 V which was smaller than MWCNTs/ carbon-ceramic electrode (curve c). This observation is attributed to the high conductivity and inherent catalytic ability of ionic liquid. These results indicated that the MWCNTs-IL nanocomposite exhibits excellent electrocatalytic activity toward electrooxidation of DA and accelerated electron transfer rate between DA and the electrode. The stability of the modified electrode was investigated in 2 mM dopamine in phosphate buffer solution (pH 7) through an operation of 50 cycles in a potential ranging from -0.2 to +0.75 V. The absence of any remarkable change of the voltammetric current response on modified the electrode revealed that it has excellent electrochemical stability. We believe the porous nature of the carbon-ceramic electrode allows MWCNT-IL be adsorbed by CCE and that this prevents tubing it from the surface of CCE. Therefore in the latter experiments, operational conditions were optimized which affect the performance of the modified electrode such as MWCNT value, IL volume, pH, and scan rate. oxidation peak currents obviously were improved. This behavior is attributed to the increase of surface area of MWCNTs on the electrode substrate which caused an improvement of DA accessibility to the electrode surface active sites and enhancement of the electron transfer rate between the electrode and DA. The electrocatalytic behavior of MWCNTs on DA electro oxidation contributed to an increase of surface area of the electrode due to high surface area to volume ratio of MWCNTs and the high value of edge plane like defect sites on the carbon nanotubes. When increasing the MWCNT value from 8 to 10 mg per 5 mL, the oxidation peak currents were leveled which indicated that maximum surface area was achieved. Considering with these findings, a value of 8 mg per 5mL of MWCNT in the suspension was chosen to modify the carbon-ceramic electrode surface.
Optimization of experimental conditions
Effect of amount of MWCNT in nanocomposite suspension
Effect of IL volume
The effect of IL volume on the performance of the modified electrode was investigated with the constant value of 8 mg per 5 mL MWCNT. Experimental results showed that the 0.6 mL per 5 mL IL represented the highest catalytic peak currents for DA; but increasing IL volume did not promote the peak current (Fig. 5) . These results proved that ionic liquid itself exhibited electrocatalytic ability toward DA oxidation, which is attributed to the good conductivity of the ionic liquid. Because of these findings an IL volume of 0.6 mL was chosen for the next experiments.
Effect of pH
The electrochemical behavior of DA was investigated in phosphate buffer (0.1 M with different pH) using Cyclic Voltammetry (Fig. 6) . The catalytic peak potentials shifted toward a less positive potential with an increase in pH. This behavior suggests that the redox system obeys the involvement of protons in the mechanism in the overall electrode reaction.
The anodic peak current presented a maximum value at pH 2 but in order to analyze DA in biological samples pH 7 was chosen for latter experiments.
Effects of scan rate
The influences of the scan rate was studied on the voltammetric responses of the MWCNTs-IL / carbonceramic electrode in the range of 10-400 mV s -1 (Fig. 7) .
The cyclic voltammograms of the modified carbonceramic electrode indicated that the ratio of the anodic to cathodic peak currents at various scan rates decreased and the separation between the anodic and cathodic peaks (ΔE p ) increased. The plots of the anodic and cathodic peak currents versus the square root of scan rate show a linear relationship (Inset of figure) . This behavior suggests that the oxidation process is diffusion limited. As seen in Fig. 7 , the anodic and cathodic peak currents increased and the peak potentials of anodic and cathodic peaks shifted to more positive and negative values with scan rate increasing, respectively, by further separation of peak potentials. Based on Laviron's equation [49] :
Log ks = α log (1-α) + (1-α) logα -log -
The curves of peak potentials versus ln ν have a linear relationship at scan rates above 200 mV s -1 (figure not shown). Using Eqs. 1 and 2 the number of electrons transfered (n) and the charge transfer coeficient (α) were determined as 1.95 and 0.55, respectively. We also calculated the electron transfer rate constant (k s ) as 1.59 s -1 , using Eq. 3. The k s value of this modified electrode is higher than other similarly modified electrodes [5,50-52]. Fig. 8 illustrates a typical differential pulse voltammogram obtained in the presence of different concentrations of DA in the range of 3.0×10 -6 to 1.3×10 -4 M on the modified electrode (editing the obtained differential pulse votammograms with base line correction option of GPES software). As can be seen in Fig. 8 , the current of the anodic peak increases with an increase in the concentration of dopamine. The calibration graph, shown as inset in Fig. 8 , was linear with the DA concentration with a correlation coefficient of 0.998. The detection limit for differential pulse voltammetry method was calculated as 8.7×10
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-7 M, which was obtained by the equation: y LOD =y B +3S y/x and regression equation: y= -2.233+0.9086C (µM). While the y B is signal of the blank (here intercept of calibration graph), S y/x standard deviation of blank (here standard deviation of the calibration graph). 3×10
-5 M solution of dopamine was chosen to examine the repeatability of the differential pulse voltammetry measurement of the modified carbon- Figure 6 . Cyclic voltammograms obtained for the modified carbon-ceramic electrode in the presence of 2 mM dopamine at constant value of ceramic electrode. It was found that from the results the mean value of DPV currents for five determinations of DA was 0.9 µA with1.3% relative standard deviation. Table 1 compares the response characteristics for determination of DA at various modified electrodes. In comparison with other modified electrodes reported previously [26, 27, 29, 35, 36, 39] , the proposed modified electrode possesses unique properties. Firstly, it has all the advantages of CCE and benefited from the advantages of the carbon nanotubes and ionic liquid. The proposed modified electrode can be easily constructed in a simple procedure, and the surface of electrode is also easily renewable. Also the modified electrode shows high conductivity, promotion of fast electron transfer, and antifouling properties. Secondly, the MWCNTs-IL/CCE eliminates the interference of AA in DA determination due to proposed interaction mentioned in section 3.7. Furthermore, sensitivity, detection limit, linear range and sensitivity of the proposed method are comparable with other methods.
Hydrodynamic amperometry of DA
The hydrodynamic amperometry was applied for evaluation of modified CCE electrode susceptibility as amperometric sensor for dopamine. A typical hydrodynamic amperogram and corresponding calibration graph are shown in Fig. 9 .
Applied electrode potential was obtained from hydrodynamic voltammogram (not shown here) and amperometric measurement of DA was done at various constant electrode potentials between Ep and Ep+200 mV. It was conclude that the slope of the amperometric calibration graph varied with applied potential and maximum slope was obtained in 0.32 V of applied potential, with no significantly change in detection limit. As seen in inset of Fig. 9 , the linear response range with this technique for dopamine concentration was 1.0×10 -6 to 1.0×10 -4 M and the detection limit was 6.5×10 -7 M.
Interference study
The interference of some organic compounds (such as ascorbic acid, uric acid, oxalic acid, citric acid, tartaric acid and L-cysteine) in dopamine determination were examined by the DPV technique. As can be seen in Fig.10a , oxidation peaks of AA, DA and UA overlapped on the bare electrode; therefore presence of AA and UA were interfering in selective determination of 20, 30, 50, 75, 100, 125, 150, 200, 250, 300, 350 and 400 mV s -1 . Inset: Plots of anodic and cathodic peak currents versus the square root of scan rate.
DA. In contrast, on the modified electrode (Fig. 10b ) ascorbic acid exhibited no oxidation peak. Based on these results ascorbic acid did not have any effect in determination of DA. Peak separation of oxidation of DA and Uric acid was about 200 mV, which is enough to determine DA without any interference. For instance, oxidation responses of AA, DA, and UA in the mixture solution have been given in Figs. 10c, 10d on the bare and modified carbon-ceramic electrodes, respectively.
As can be seen from this figure, it is possible to determine DA on the modified electrode in the presence of AA and UA. The presence of a hundredfold excess of the other mentioned compounds did not significantly influence the determination of DA under the experimental conditions. Zhao et al. [37] proposed that the presence of MWCNTs cause the positive shift of the DA peak potential and negative shift of the AA peak potential. We also propose that AA with negative charge at neutral pH is excreted by the anion of the ionic liquid; therefore it could not diffuse to the surface of electrode to oxidize. On the other hand, UA with negative charge again is excreted from the surface of the electrode, but its repulsion is somewhat moderate because of its relatively shielded charge, so it could be oxidized at modified electrode. Dopamine, with a positive charge, is attracted to the surface of electrode and therefore able to penetrate into the diffusion layer to oxidize. Therefore, selective determination of DA was possible in the presence of such species.
Application
The modified carbon-ceramic electrode was used for the determination of DA in pharmaceuticals (Table 2 ). A dopamine injection (200 mg per 5 mL dopamine hydrochloride) was measured. Doubly distilled water was applied for dilution of dopamine injection sample. By using the DPV technique, the mean value of three replicate measurements were 194.0 and 196.0 mg per 5 mL dopamine hydrochloride with 1.5% and 1.2% relative standard deviation for Caspian Tamin Pharmaceutical Co. Rast-Iran and Biological Lab. Novate Milanes-Milano-Italy samples, respectively (two values are the mean value of two injection samples which was obtained by three replicate measurements). We can conclude that from these results content of dopamine hydrochloride in injection samples which found by DPV technique is consistent by declared value. The presence of dopamine was also analyzed in human blood serum, however a peak corresponding to DA was not observed by our method; DA was spiked in human blood serum (Table 3 ) and the percent recoveries of DA in human blood serum were quite satisfactory (≈102%).
In the present work, unlike the other reports which employed mechanical rubbing the MWCNTs-IL nanocompsite gel on the surface of electrode for modifying it, the MWCNT, IL and ethanol suspension was dropped on the carbon-ceramic electrode surface, then ethanol evaporated and MWCNTs-IL nanocomposite remained. This procedure is simple and produces a stable and homogeneous surface of modified electrode which ensures repeatable results in analysis processes. In this work AA was not oxidized on the modified electrode and the problems associated with the previously published work of other researches (signal overlap with DA) were not observed.
Conclusions
A novel carbon-ceramic modified electrode has been developed for the determination of DA by using MWCNT and IL as nanocomposite. We mentioned that MWCNTs high surface area and their edge plane like defects is the main factor in increasing the modified electrode response, also it was suppose that the different interaction of DA, AA and UA with MWCNTs and 1-butyl-3-methylimidazolium tetraflouroborate ionic liquid responsible for peak potential resolution of them. Ascorbic acid wasn't oxidizing at the modified electrode and peak potential separation of DA and UA high enough to selective determination of DA. The modified electrode exhibited selective and sensitive response towards catalytic oxidation of dopamine. Based on this method, a new biosensor was successfully developed for determination of DA in dopamine injection samples and human blood serum.
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